Abstract-This study attempts to investigate the mechanism of the vascular shut down (VSD) effect during photodynamic therapy (PDT) with zinc coproporphyrin III tetrasodium salt as a photosensitizer. PDT is a treatment based on photochemical reactions and the resultant cytotoxic reactive oxygen species (ROS). Platelet thrombus formation leading to stasis observed in vivo during PDT is called the VSD effect. Leukocytes play an important role in the VSD effect in vivo, but the mechanism how activated monocytes generate ROS is not known in detail. To evaluate ROS generation by activated monocytes is especially important to clarify leukocyte-endothelium interactions in the VSD mechanism. The dichloro uorescein uorescence intensity of monocytes with four types of free radical scavenger was investigated by confocal laser scanning microscopy. The uorescence intensity of monocytes that had been incubated with superoxide dismutase and incubated and added with L-histidine was decreased by about 20 and 30%, respectively. The result af rms the predominant role of singlet oxygen and superoxide anion radicals in monocyte activation in the VSD effect during PDT.
INTRODUCTION
Photodynamic therapy (PDT) shows considerable promise as a treatment modality for localized super cial malignant tumors. PDT is a cancer therapy utilizing reactive oxygen species (ROS) generated from photochemical reactions by endoscopic laser irradiation after photosensitizer administration. Because a photosensitizer is selectively retained in tumor cells after intravenous injection, there is more sensitizer in the tumor than in normal tissue. It is thought to be because the sensitizer associates to form aggregates in tumors and these aggregates are not excreted because tumors do not have a lymphatic system [1] . When the photosensitizer absorbs the energy of exposed light at the proper wavelength, it creates a photochemical reaction and the reaction results in the generation of ROS. ROS is the main factor in PDT-related cytotoxicity [2] . In addition to direct tumor cell killing, prominent vascular effects occur in the tumor area during and after PDT [3] . For example, transient vasoconstriction, reduction in blood ow, platelet aggregation and leukocyte adhesion are observed within minutes after the beginning of PDT. Finally, platelet thrombus formation leads to stasis and this phenomenon is called the vascular shut down (VSD) effect. Several investigators state that these VSD effects of PDT are indispensable for tumor necrosis via PDT [4, 5] . Although many studies on the vascular effects of PDT have been performed in vivo, the underlying mechanisms and sequence of events are not fully elucidated. Many studies to investigate the role of leukocytes were performed in vivo. Fingar et al. reported that PDT induces leukocyte adherence in microvessels of the rat cremaster muscle [6] . Dellian et al. investigated the differences of effects of PDT on leukocyte-endothelium interaction between normal and tumor tissue [7] . We have ascertained leukocyte adherence to the blood vessels in the VSD effect by in vivo experiments and an intravital microscopy model [8] . Observation of the behavior of leukocytes during PDT with uorescent staining (acridine orange staining) and an image-intensifying camera have demonstrated that leukocytes accumulate in the thrombus and in uence the VSD effect, but it is not clear how leukocytes are involved in VSD, especially at the single-cell level. The ability of leukocytes to generate ROS is the most important factor in the investigation of the mechanism of the VSD. Generally, ROS generated by leukocytes induce endothelial cell injury leading to thrombus formation in arteriosclerosis and cerebro-vascular injury. The objective of the present study is therefore to investigate the ability of a single leukocyte to generate ROS activated by photochemical reactions during PDT with confocal laser scanning microscopy (CLSM). First, ROS generated from photochemical reactions during PDT stimulate a monocyte and then the activated monocyte generates ROS. We investigate the ability to generate H 2 O 2 by scavenging four types of ROS with the following free radical scavenger. To assess the possible effects of superoxide anion radical (O ¡ 2 ), hydrogen peroxide (H 2 O 2 ), hydroxyl radical ( OH) and singlet oxygen ( 1 O 2 ), superoxide dismutase (SOD), catalase, dimethyl sulfoxide (DMSO) and L-histidine were used as scavengers of these ROS.
ROS has lately attracted considerable attention as a factor for many diseases and various ROS assays have already been developed. The dichloro uorescin (DCFH) uorescence method is often used in in vitro and in vivo experiments such as the diagnosis of phagocytosic function of polymorphonuclear neutrophils (PMN) in pediatrics [9 -11] . However, this method of quanti cation has been used most often is ow cytometry. Salata et al. were able to quantitate H 2 O 2 generation and evaluate
